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THESIS ABSTRACT 
Johnsten, Thomas D. 1963. Translocation of radioactive 2,4-D in 
western ragweed (.Ambrosia psilostachya). 
The purpose of the study was to determine if foliar applied 
2,4-D is translocated in young western ragweed plants. 
Rhizomes of western ragweed were obtained in the field and 
grown in a sunroon1. The plants were kept well watered and provided 
additional light from incandescent lamps. Radioactive 2,4-D solu-
tion in alcohol was applied to the leaves. Radioautographs were made 
and radioactive measurements were taken of treated plants. The 
counting equipment was a 455 Ll.onel Scaler. 
The bulk of the radioactive 2,4-D was retained in the treated 
leaves. Radioactive 2,4-D was found predominately in the upper por-
tions of each plant. No translocation of radioactive 2,4-D to rhizomes 
or roots was detected. Under the conditions of the experiment there 
was a movement of organic solutes from rhizomes to leaves and meristems. 
When 2,4-D was applied to the western ragweed any amount that was trans-
located accompanied these solutes. 
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Western ragweed (Ambrosia psilostachya) is one of the most 
prolific plants inhabiting the uncultivated areas of the western Great 
Plains. Western ragweed is a warm-season, perennial plant that repro-
duces by rhizomes and seeds. Mature plants reach a height of 1 to 2 
feet. The leaves are alternate or opposite and deeply lobed. Under 
favorable growing conditions the rhizomes spread rapidly, penetrating 
the soil to considerable depths. Buds are produced on the rhizomes in 
the fall and persist over the winter, producing new plants in the spring. 
Western ragweed is an invader of grassland readily becoming a pest and 
possibly depriving beneficial plants of light, water and soil minerals. 
The plant is also both unpalatable to livestock and a principal hay 
fever producer. 
Plant pests such as western ragweed have largely been controlled 
by growth regulating substances. Among the most potent of the growth 
regulating substances are substituted phenoxy acids (Norman, 1954). The 
substituted pheno:xy acid compound most widely used is 2,4-dichloro-
phenoxyacetic acid, refered to hereafter as 2,4-D. 
With the advent of radioisotope methodology, translocation studies 
using 2,4-D were enormously enhanced. Most workers have found 2,4-D 
relatively freely translocated to the roots of annual plants (Day, 1952, 
Hay and Thimann, 1956). However, investigations by Crafts and Yamaguchi 
(1958) indicate that 2,h-D may be accumulated by living cells, restricting 
translocation of the compound. To be effective, a herbicide should be 
translocated to both the underground and to the aerial parts of a plant. 
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Despite the popularity of 2,4-D, workers have failed to show any 
consistent evidence for the effective translocation of this substance 
in rhizomes or roots of perennial plants. 
The investigation reported here is an attempt to determine if 
foliar applied 2,4-D is translocated in young western ragweed plants. 
RELATED LITERATURE 
Research studies indicate that the translocation of 2,4-D cannot 
be interpreted in general terms. Crafts (1959) determined that plants 
of different ages respond differently to 2,4-D treatment. Fang and 
Butts (1954) discovered 2,4-D was absorbed by monocots at a slower rate 
in comparison with bean plant absorption. Translocation of 2,4-D to 
the apical portion of corn and wheat plants was very slow. At least 
part of the applied 2,4-D was incorporated in a few days into other 
compounds. Two major compounds, which were designated as unknown one 
and unknown three, were found in 80 percent alcohol extracts of leaves 
from both 2,4-D treated corn and wheat plants. Pallas (1960) studied 
translocation of 2,4-D in red kidney beans and found that increasing t he 
temperature from 20° to 30° C increased absorption of the tracer. At 
0 temperatures of 20, 25, and 30 C less 2,4- D was absorbed and translocated 
at a low humidity than at a high humidity. The increased absorption and 
translocation at a higher humidity was correlated with the degree of 
stomatal opening. Glor et al.(1962) recently observed an incr ease in 
the translocation of labeled 2,4-D in cotton seedlings with an increase 
in humidity. Basler et al. (1961) discovered the relative turgidity of 
leaf tissue to be a good indicator of the rate of translocation of 2,4-D 
in bean plants. Plants with relative turgidities below 80 percent trans-
located only small amounts of the tracer while plants with relative 
turgidities above 80 percent showed a sharp increase in translocation. 
Plants which had been subjected to temporary drought conditions required 
several hours to regain the ability to translocate significant amounts of 
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2,4-D even though they regained full turgidity within 1 or 2 hours. 
Mild or severe water stress did not decrease the amount of 2,4-D 
absorbed or translocated. 
Translocation of foliar applied 2,4-D takes place primarily 
in the phloem. Day (1952), using the curvature of bean seedlings as 
a measure of translocation, discovered that when a small quantity of 
2,4-D was applied to one leaf of a bean seedling, under greenhouse 
conditions, curvature began in approximately 2 hours, and reached a 
maximum in about 6 hours, at which time recovery began. Elapsed time 
from application of 2,4-D to the beginning of curvature was independent 
of the amount of substance applied. Day (1952) also found that 2,4-D 
moved through the cuticle, epidermis and mesophyll to the phloem with 
a velocity of approximately 30 microns/hr. Once inside the phloem the 
tracer was translocated to the epicotyl at a velocity varying through 
a range of 10 to 100 cm/hr. Under greenhouse conditions the maximum 
amount of 2,4-D was absorbed the first 4.5 hours after treatment. Earl 
et al.(1951) reported that labeled 2,4-D applied to alligator weed 
(Alternanthera philoxeroides) reached its maximum distribution in 8 hours. 
'lne average r ate of upward movement was 4.2 cm/hr and the downward move-
ment was 4.1 cm/hr. The radioactive 2,4-D traveled to the top of each 
plant but downward only one or two internodes. I.Benard (1958) treated 
bean plants with labeled 2,4-D and sectioned the plants to determine 
distribution of the tracer. There was more 2,4-D in the plant sections 
when application was made at the base of the leaf than from application 
made at the apex. Pallas (1960) reported that movement of 2,4-D in the 
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leaf of red kidney beans, as indicated by radioautograms, was confined 
in general to vascular bundles and followed the route of the assimilate 
stream out of the leaf and into the stem, bud and roots. Chromatography 
showed the bulk of the labeled compound was being translocated as free 
2,4-D. Crafts (1956) found labeled 2,4-D moved out of young tip leaves 
of well developed morning glory plants. The tracer moved readily from 
mature, green cotyledons and from full grown leaves. From cotyledons, 
movement was downward or both downward and upward. Leonard and Weaver 
(1961) treated tokay grape with 2,4-D and found the tracer moved from 
the spot of application to cambium, axill ary and apical meristems, 
tendrils and immature leaves. 
Barrier and Loomis (1957) reported t hat the translocation of 
2,4-D in bean plants was slowed or stopped in leaves devoid of trans-
locatable carbohydrates. Rohrbaugh and Rice 1949) applied 2,4-D to 
red kidney bean plants, some of which were kept in the light before 
and after treatment, and some were kept in the dark 24 hours before 
and after treatment. No evidence was found that 2,4-D was translocated 
out of destarched bean leaves in the dark unless sugar was added to the 
leaves. Fructose and sucrose together were found to be more effective 
than sucrose alone in augmenting the translocation of the 2,4-D. 
Weintraub and Brown (1951) reported that in leaf tissues lacking 
carbohydrates translocation could be brought about by the addition of 
sugar. 
Reports are not in complete agreement as to the tissue which 
translocates 2,4-D. Cler et al . (1962) studied the effects of foliar-
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applied 2,4-D to cotton seedlings. Experiments with stem ringing 
showed, under conditions of high humidity, that 2,4-D moved out of 
leaves and ascended acropetally throughout the shoot mainly in the 
xylem, at the same time there was a basipetal phloem movement to 
roots. Under low humidity conditions the tracer may attain a more 
complete distribution than occurs from phloem movement alone. Hay and 
Thimann (1956) found equal distributions of 2,L.-D in the Xylem and 
phloem of Phaseolus seedlings. They deduced that transport of 2,4-D 
was not due to simple osmotic forces, but involved a metabolic 
component. Dhillon and Lucus (1950) discovered that roots of 
tomatoes, beans, corn and oat plants were capable of absorbing 2,4-D 
from soil. The absorbed chemical was translocated in its original 
form into aerial parts. Further investigation showed that when tomato 
and corn leaves were immersed in a 2,4-D solution, the 2,L-D was 
absorbed and thought to be translocated in the xylem. The 2,4-D was 
applied to the cut ends of decapitated tomatoe plants and found in the 
extracts of leaves, stems and roots. Weaver and DeRose (1946) showed 
that when 2,4-D was applied to red kidney beans t he compound r eadily 
moved downward when translocation of synthesized materials occurred. 
More extensive growth inhibition of young red kidney bean plants at 
primary leaf stage resulted when 2,4-D was applied to the base of t he 
blade than when 2,4-D was applied near the tip. When 2,4-D was added 
to a primary leaf of a young bean plant more extensive growth inhibi-
tion resulted when translocation was rapid. Treatment of a primary 
leaf gave rapid translocation basipetally to the stem. When lower 
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portions of older leaves were treated much less stunting of plants 
occurred. Crafts (1956) studied the mechanism of translocation and 
arrived at the conclusion that translocation takes place primarily 
in the phloem and movement of 2,4-D is dependent upon the movement of 
food and not upon the 2,4-D gradient. 
Reports indicate 2,4-D may not accompany foods from regions of 
synthesis to regions of utilization. Crafts (1956) studied the com-
parative mobility of labeled herbicides and found a tendency for 2,4-D 
to remain in the region of treatment. The 2,4-D was accumulated by 
living cells, primarily in the chlorenchyma cells of the leaf. If 
sufficient tracer was applied to saturate the tissue adjacent to the 
treated spot, some was found to move into the phloem. However, 2,4-D 
was subject to withdrawal by phloem parenchyma. Crafts and Yamguchi 
(1958) reported that 2,4-D accumulated in leaves of Zebrina plants. 
Removal of mature leaves along the stem followed by treatment of the 
two remaining basal leaves resulted in movements both upward to 
growing shoot tips and downward into growing roots. Mature leaves 
below the treated ones were bypassed by the tracer. 
METHODS OF STUDY 
Rhizomes of western ragweed (Ambrosia psilostachya) were obtained 
in the field in October, transplanted 2 inches deep in fertile soil in 
a sunroom. The plants, which developed from the rhizomes in about 2 
weeks, were well watered and provided additional light from i ncandescent 
lamps. When the western ragweed was 6 weeks old and had reached a 
height ranging from 8 to 15 cm the plants were treated with radioactive 
2,4-D. The radioactive 2,4-D was obtained from the Volk Radiochemical 
Company and had a specific activity of 1 mc/mM. A stock solution was 
prepared to give 50 micro grams of 2,4-D per 0.01 ml of 95 per cent 
ethyl alcohol solvent (Crafts, 1956). The solution containing the 
labeled 2,4-D was placed on the upper surfaces of one pair of leaves on 
each plant by means of a syringe and hypodermic needle. Approximat ely 
0.2 ml of the solution was applied to each pair of treated l eaves. Two 
areas of application were used in the experiment. The first area in-
cluded the leaves of the first or second node f rom the bottom of the 
plant. The second area was the pair of leaves one node below the 
apical meristem. To prevent surface flowing a lanolin dam was placed 
at the base of each leaf. After treatment the plants were undist urbed 
for periods of 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 15, 20 and 24 hours. The 
13 treatment periods were duplicated and the plants were prepared f or 
radioautographing. Each plant was pressed, dried, placed on card-
board and covered with saran wrap. Proper exposure time was ascertained 
by determining the approximate number of counts per minut e for each 
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plant. The plants were placed in x-ray film holders adjacent to no-
screen x-ray film for the proper exposure time and developed (.Dugger, 
1957). Photographs were taken of each plant so the plant could be 
compared with its corresponding radioautograph. 
Treated plants were cut into 2 cm sections and the leaves were 
removed. Each 2 cm section and each leaf was ground, weighed and 
placed on a planchet for counting. Samples were counted for 20 
minutes and corrected for background count. The counting equipment 
was a Lionel 455 scaler with sample holder, tube mount and electrical 
stop clock (Fig. 1). The Geiger-Muller tube had a mica window less 
than 2 mg/cm2 to accommodate the low energies of beta particles emitted 
by carbon 14. The geometrical efficiency of the counter was calculated 
to be 2.11 per cent, indicating the counter will detect 2.11 per cent 
of the emitted radiation. 
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Fig. 1. 455 Lionel Scaler. 
RESULTS AND DISCUSSION 
No marked treatment differences were evident in plants treated 
and undisturbed for 2 hours as compared to plants treated and undis-
turbed for 24 hours. The entire absorption and translocation pattern 
apparently reached a steady state within 3 hours. Plants treated and 
undisturbed for 1 hour showed less translocation than did plants 
treated and undisturbed for 2 or more hours. The bulk of the radio-
active 2,4-D was retained in the treated leaf (Figs. 2, J). The most 
logical interpretation that can be given is that the cells retained 
the 2,4-D within their protoplasts and limited its movement. Further-
more, if the 2,4-D entered the phloem it was subject to withdrawal by 
the phloem parenchyma. This is in agreement with Crafts (1956) who 
found 2,4-D to be accumulated in the leaf by chlorenchyma cells. 
Some 2,4-D was translocated upward to the leaves and apical meristems, 
but only one or two internodes downward below the treated leaves. The 
largest accumulation of translocated 2,4-D was found in the pair of 
leaves above the first application area. Readings ranging from 2 to 8 
counts/min above the backgTound count were detected in these leaves. 
The average reading for 22 pairs of leaves above the first application 
area was 4.1 counts/min (Fig. 4). Small amounts of radioactive 2,4-D 
were detected in the third, fourth and fifth pair of leaves above the 
first application area. Radioactive 2,4-D was t.ranslocated in larger 
amounts to leaves near the treated area, leaving small amounts to be 
translocated to the upper leaves. Plants treated at one node below 
the apical meristem translocated the 2,4-D in 1 hour or less to the 
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Fig. 2. Western ragweed plant treated with 
radioactive 2,4-D. After treatment 
the plant was undisturbed for 5 hours . 
Arrows indicate the treated leaves. 
12 
Fig. 3. Radioautograph of the western ragweed plant 
that is shown in Fig. 2. Ll.ght areas of the 
leaves and stem indicates heavy concentration 
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Fig. 4. Average amounts of radioactive 
2,4-D in leaves above those 
treated with 2,4-D. 
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apical meristem (Figs. 5, 6). There was little or no evidence of down-
ward translocation from the treated leaves. 
Stems did not readily accumulate radioactive 2,4-D except about 
2 cm above and below the treated leaves. Trace amounts of radioactive 
2,4-D were found in the upper regions of the stem with some accumulation 
in the apical meristems (Figs. 7, 8). The lack of large accumulations 
of the tracer in the stem may be due to the more rapid metabolism of the 
leaves as compared to the stem. There was no evidence of radioactive 
2,4-D in the rhizomes. 
Under the conditions of the experiment there was an upward trans-
location of organic solutes in western ragweed. 1he young ragweed plants 
did not photosynthesize at a rate sufficient to supply all the carbo-
hydrates needed for growth. When 2,4-D was applied to plants under these 
conditions any amount that was translocatPd accompanied these carbo-
hydrates into the rapidly expanding leaves and meristems. 
The relative distribution of 2,4-D in young western ragweed 
plants indicates why 2,4-D application in the field occasionally may 
fail to kill. It may produce an excellent top kill, but seldom kills 
the rhizomes. Therefore, the most effective time to kill western 
ragweed would possibly be when carbohydrate movement is from leaf to 
rhizome. The lack of mobility of 2,4-D in western ragweed is an influencing 
factor on the herbicide's effectiveness. 
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Fig. 5. Western ragweed plant treated with radio-
active 2,4-D . After treatment the plant 
was undisturbed f or 1 hour . Arrows in-
dicate the treated leaves. 
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Fig. b. Radioautograph of the western ragweed plant that 
is shown in Fig. 5. Lighter areas of the leaves 
and apica~ meristem indicates heavy concentration 
of radioactive 2,4-D. 
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Fig. 7. Western ragweed plant treated with radio-
active 2,4-D. Arter treatment the plant 
was undisturbed for 2 hours. Arrows 
indicate the treated leaves. 
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Fig. 8. Radioautograph of the western ragweed plant that 
is shown in iig . 7. Light areas of the leaves, 
apical meristem and stem indicates heavy concentra-
tion of radioactive 2,4-D. 
SU}1MARY 
A study was conducted on the translocation of radioactive 2,4-D 
in western ragweed (Ambrosia psilostachya). The purpose of the study 
was to determine if foliar applied 2,4-D is translocated in young 
western ragweed plants. Western ragweed is one of the most prolific 
plants found in uncultivated areas of the western Great Plains. It is 
an invader on grassland and can easily become a pest. 
Rhizomes of western ragweed were obtained in the field, brought 
into a sunroom and planted 2 inches deep in fertile soil. The plants, 
which developed from the rhizomes in about 2 weeks, were kept watered 
and were provided additional light from incandescent lamps. When the 
plants were 6 weeks old 2,4-D solution in alcohol was applied to the 
leaves. Radioautographs were made and counts wer e taken of various 
parts of treated plants to determine if the radioactive 2,4-D had 
been translocated. The counting equipment used was a 455 Lionel 
Scaler with sample holder, tul:e mount and electrical stop clock. 
Under the conditions of the experiment the bulk of the radio-
active 2,4-D was retained in the treated leaf. Radioactive 2,4-D was 
found predominantly in the upper portions of each plant, but downward 
only one or two internodes from the treated area. No translocation of 
the radioactive 2,4-D to the rhizomes or roots was detected. 
Under conditions of the experiment there was a movement of 
organic solutes from rhizomes to leaves and meristems. When 2,4-D was 
applied to the western ragweed any amount that was translocated 
accompanied these solutes. 
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